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I.  INTRODUCTION. 

LOCATION  AND  GENERAL  REVIEW.  The  Illinois  Central  Railroad 
crosses  Green  Street  in  Champaign,  Illinois  at  an  angle  of  7 degrees 
31  minutes  from  a perpendicular  to  the  center  line  of  the  street 
which  runs  due  east  and  west.  The  street  at  this  point  has  been 
lowered  while  the  track  ha3  been  elevated,  forming  a subway  for  the 
street  traffic.  Over  this  passageway  are  four  single  track  steel 
girder  through  spans,  each  t?/o  adjacent  spans  having;  but  one  steel 
girder  in  common  between  them.  Both  the  outer  and  intermediate 
girders  are  of  the  same  size  in  order  that  at  some  future  time 
additional  spans  or  tracks  may  be  added  on  either  side  of  those 
already  in  existence.  The  supports  for  the  girder  spans  consist 
of  two  continuous  concrete  abutments,  one  on  each  side  of  the 
street.  The  3pan  between  abutments,  under  coping,  is  44  feet  10 

inches.  The  span  at  the  street  grade  is  44  feet.  This  space  is 

taken  up  by  two  six  foot  sidewalks  and  a 32  foot  roadway. 


GIRDERS.  The  steel  girders  have  a span  of  47  feet  8 inches  c.  to 

c.  of  bases,  and  50  feet  o/4  inches  overall.  Their 
depth  is  72-1/2  inches  b.  to  b.  of  flange  angles. 

The  web  consists  of  a l/2  inch  plate,  the  flange  of 
2 plates  12  inches  x 3/8  inches  and  2 angles  6 inches 
x 6 inches  x 3/4  inches,  and  the  section  of  the 
cover  plates  is  14  inches  x 1-7/8  inches. 


The  floor  beams  are  attached  to  the  girders  at 
the  fifth  points,  the  girders  being  strengthened  at 
these  points  by  a double  set  of  stiffners  consisting  of  two  3-1/2 


' 


inch  x 3-1/2  inch  x 3/8  inch  angles  on  each  side  of  the  girders. 


5. 


ABUTMENTS.  For  convenience  in  calculation  the  concrete  abutments 

will  be  divided  into  the  abutment  walls 
and  the  footing*  In  extreme  dimensions 
the  walls  are  13  feet  8-1/2  inches  in 
depth,  5 feet  7 inches  thich  under 
coping,  with  a batter  of  l/2  inch  to  1 
foot  on  the  side  facing  the  street,  104 
feet  7-1/2  inches  long  at  the  ba.se  of 
the  abutment,  and  60  feet  7-1/2  inches 
at  the  top,  the  difference  being  stepped 
off  at  the  ends.  The  footing  is  9 
feet  x 3 feet  in  cross  section  and  108 
feet  7-1/2  inches  in  length.  ( See 
Figure  2 . ) 

The  ends  of  the  girders  rest  upon  cast  iron  pedestals  12  inches 
high  , and  these  directly  upon  the  masonry. 

LOADING.  The  girders  are  designed,  for  Waddell’s  "Class  R"  loading, 
which  consists  of  two  161.5  ton  engines  followed  by  4^600  pounds  per 
linear  foot,  for  a dead  load  of  750  pounds  of  steel  per  linear  foot, 
and  450  pounds  per  linear  foot  for  track.  In  the  investigation 
the  live  load  is  considered  the  same  as  that  used  in  the  design, 
but  the  dead  load  is  taken  directly  from  the  computations  which  are 


the  actual  calculated  weights. 

The  unit  stresses  used  are  all  according  to  Cooper’s  Specifica- 
tions for  Steel  Railroad  Bridges  and  ViaductB,  1906  edition.  The 

structure  contains  155  tons  of  structural  steel  and  674  cubic  yards 
of  concrete. 


6. 

II.  COMPUTATION  OF  WEIGHTS. 

The  weights  of  the  steel,  castings,  and  wood  wore  calculated 
from  dimensions  taken  from  the  detail  drawings.  Table  I.  contains 
the  results.  For  all  steel  shapes  the  unit  weights  were  taken 
from  the  Carnegie  hand  book;  castings  were  calculated  considering 
450  pounds  per  cubic  foot  as  the  unit  of  v/eight;  and  lumber  was 
taken  as  4 l/2  pounds  per  foot  of  board  measure. 


Table  I. 

WEIGHT  OF  BRIDGE. 


No. 

No.  of 
pieces . 

Description 

V/eight 
Pounds . 

Total 

weight  pounds 

1 

5 

Steel  girders  as  per  plate  I. 

24,750 

125,750 

2 

4 

Floor  system 
Beams 

16,050 

64,200 

Stringers 

1 1 .990 

Covering 

20,550 

175,700 

3 

4 

Lateral  Bracing 

2,240 

9,060 

4 

10 

Castings 

508 

5,080 

Total  weight 



311,590 
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III. 


DETERMINATION  OF  LOADINGS. 


The  drawing,  M General  Plan  and  Elevation"  Plate  I , gives 
the  live  loadings  used  in  designing  this  bridge.  In  the  investiga- 
tion this  loading  was  taken  as  that  given  on  the  drawings,  which 
is  as  follows:  Live  Loading  = Waddell’s  "Class  R"  which  consists 

of  two  161.5  ton  engines  followed  by  4600  pounds  per  linear  foot. 
Fig.  3 shows  the  engine  diagram  used  in  determining  the  live  load 
stresses  given  in  the  following  articles.  The  wind  load  was  taken 
as  per  specification  "Article  24"  which  considers  150  pounds  per 
linear  foot  as  dead  load  and  450  pounds  as  live  load  acting  on  the 
lateral  system.  The  loading  used  in  calculating  the  dead  load 
stresses  was  taken  directly  from  the  calculated  weights  in  Part  II. 


ENGINE:  DIAGRAM  FOR  WADDELLS  CLA55  R” 

LOADING 
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IV. 


DETERMINATION  OF  MAXIMUM  MOMENTS. 


Fig.  4 shows  the  span  of  the  Green  Street  girder  c.  to  c.  of 
hearings  and  the  location  of  the  floor  beams. 


\J 


^ o 

<3  <3  " 

/o'-  o" 

/o'  — o" 

/- 

/o'—  Q" 

„ <3  ’ £> " 

-4-7 O"  o 7o  C.  of  End  E/oor  Beams 

DEAD  LOAD  MOMENTS.  The  de  bail  drawings  specify  a dead  load  of  750 
pounds  per  linear  foot  for  steel  and  450  pounds  per  linear  foot  for 
track,  making  a total  of  1200  pounds  per  linear  foot,  and  this  is 


used  in  the  design.  The  calculated  dead  load  i3  as  follows:  steel 

per  linear  foot,  and  track  and 
= = 999  pounds  per  linear 


24  750 

in  girders  = f,r-  = 517  pounds  per  linear  foot,  and  track  and 

f* p o o r =:  4 0 , 960 

c.  ~bo  c7  end  floor  beams  47 
foot,  making  a total  of  517+  9S9  = 1,516  pounds  per  linear  foot  of 

bridge  on  the  intermediate  girders.  The  dead  load  reaction  = l/2 

47 

span  x dead  load  per  linear  foot  = rr-  x 1,516  + 0.448  x 517  = 

35,650  +•  232  = 35,880  pounds,  the  0.448  being  the  decimal  of  a foot 
equal  to  5 3/8  inches  which  is  the  distance  between  center  of 
bearing  of  the  base  and  the  center  of  the  end  floor  beams. 


Table  II,  gives  the  dead  load  moment  at  the  floor  beam 
connections . 

LIVE  LOAD  MOMENTS.  The  live  load  moments  were  determined  with  the 
use  of  the  engine  diagram  shown  in  Fig.  3 and  the  calculation  in 
Tables:  III,  IV,  & V. 
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Table  II. 


Point 

Equation. 

Moment  in 
Pound  Fe-' 

Lo 

n 

R x 0.448  = °*J48"  x 517  = 16,110  = 50  - 


16,060 

Ll 

o 

R x 8.048  - 8,948  x 517  - 8.5  x 8.5  x 999~ 
P.  ^ r\ 

264,070 

L2 

R x 18.948  - 18 . 948"'  x 517„  8.5  x ggg  x 
18.5  - ( 10+  SiS  ) 999  x 10  = 

A.  

417,500 

Center 

R x 85.948  - — A9'4-"  x 517  - 8-5  x 999  x 
23.5  - ( g — -h  --1-2  ) 999  x 15  - 10  x 999  x 
5 = 

424, 6f 

Table  III. 


WHEEL  POSITION  FOR  MAXIMUM  MOMENTS. 


Point 

Wheel 

L 

WN 

M 

P 

L+  P 

K 

K 

Remark 

1 

2 

23 

323  x 8,5  = 58.3 

42 

49 

72 

+ 

- 

Maximum 

3 

49 

300  x = 54.3 

49 

98 

* 

- 

Maximum 

4 

49 

874  x = 49.5 

49 

98 

-h 

- 

Maximum 

5 

49 

225  x ®-5  - 40.7 

49 

98 

- 

— 

2 

2 

23 

271  x = 106.8 

49 

72 

+ 

+• 

3 

72 

297  x = 117.0 

49 

121 

+ 

- 

Maximum 

4 

121 

323  x 18^5  - 127.0 
42 

49 

170 

+ 

- 

Maximum 

5 

147 

300  x = 118.0 

47 

49 

196 

- 

- 

3 

4 

121 

49 

170 

+ | 

- 

11. 

Table  IV. 


LIVE  LOAD  REACTIONS. 


Point 

Wheel 

Equation  for  R 

Reaction  in 
1000  Pounds 

1 

2 

7,816+  523  xo.95  _ 8,123 
47.895  47.895 

169.8 

3 

7,816  + 323  X 5.95  - 23  x 51.95  8,541 

47.895  47.895 

178.4 

4 

10,400+  346  x 2.95-=  23  x 56.95-49  x 48.95 

161.2 

47.895 

2 

3 

6,334+  297  x 1.45  6,764 

47 .895 47.895 

141.3 

4 

7,816  * 323  X0.95  8,123 

47.895  47.895 

169.8 

3 

4 

4,976-^271  x 0.95  _ 5,233 
47.895  47.895 

109.1 

Table  V. 


MAXIMUM  LIVE  LOAD  MOMENTS. 


Point 

Wheel 

Equation  of  Moment 

Moments  in  pound  feet . 

1 

2 

169.8  x 8.95  - 184  = 

1,336,000 

3 

178.4  x 8.95  - 5 x 49  = 

1,350,000 

4 

161.2  x 8.95  - 5 x 49  = 

1,200,000 

2 

3 

141.3  x 18.95  - 544  = 

2,136,000 

4 

169.8  x 18.95  -1,149  = 

2,071,000 

3 

4 

109.1  x 28.95  - 1,149  = 

2,011,000 

V.  DETERMINATION  OF  MAXIMUM  SHEAR. 


DEAD  LOAD  SHEAR.  The  values  used  In  determining  the  dead  load 
shear  were  taken  direct  from  Part  IV,  the  results  being  shown  in 
Table  VI. 


Table  VI. 

DEAD  LO  AD  SHEAR . 


Point 

Equation 

Shear  in  pounds 

Center  of  base 

Shear  at  reaction  from  part  IV.  = 

4-  35,880 

Left  of  LQ 
Right  of  lo 

R-  232 

R - 232  - x 999 

b 35,650 
b 31,400 

Left  of  Lx 
Right  of  L il 

31,400  - 8.5  x 517 

27,000  - ( 12.  ) 999 

a 2 

b 27,000 
b 17,750 

Left  of  Lo 
Right  of  L? 

17,750  - 10  x 517 

12,580  - 10  x 999  = 

b 12, 530 
b 2,590 

LIVE  LOAD  SHEAR.  For  finding  the  maximumA shears  at  the  panel 
points  wheel  two  of  the  engine  diagram  was  placed  at  these  points 
successively.  The  results  are  given  in  Table  VII. 


Table  VII. 

LIVE  LOAD  SHEAR. 


Point 

Wheel 

Reaction 

Shear 

in  1000  pounds. 

0 

2 

10,400b  346  x 1 - 23  x 55 

b 202 

47  -*"*>02 

1 

2 

7,816b  323  x 1/2 

47  ^ " — -KL69.9 

169.9-  23=  + 14*.  9 

2 

2 

4,976b  271  x 1/2  _ „ 

— — E—  =4-108.8 

42 

103.8-  23=  +.  83.8 

3 

2 

1,999  b 219  x 3^ 

= + 58.2 

47 

58.2-  23=  + 35. 2 

The  total  shear  due  to  live  and  dead  loads  are  shown  on  Plate 


-go1  — q" b to  J?. of  /S 

Gl  RDER  vv.th  SHEAR  MOMENT  DIAGRAMS 
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VI.  INVESTIGATION  OF  EFFICIENCIES  OF  MEMBERS. 

DEPTH  OF  GIRDER  AND  SPAN.  A comparison  of  the  required  depth  with 
the  actual  depth  of  the  girder  will  be  made  with  that  as  computed 
by  the  formula  l 

L 

d ~ 0.OO5L  +•  0.545 

in  which,  d = depth  of  girder  in  inches. 

L = length  of  girder  in  feet. 

48.167 

whence,  d - 0.241  + 0.!><io  or  61  • 4 inches. 

Actual  depth  = 72  inches. 

72 

Efficiency  = — 7-  x 100  = 117  per  cent. 

61.4 

Article  45  of  the  specifications  require  the  depth  to  be  1/10  of 
the  span  which  is  4.8  feet  or  58  Inches.  These  two  tosts  show 
the  actual  depth  of  the  girders  to  be  well  within  the  limits  of  the 
requirements.  Fig.  5 shows  the  span  under-coping,  center-to-center 


shown  in  Fig.  6,  there  is  no  moment  in  the  ties  and  they  are  there- 
fore safe  under  ordinary  conditions. 


Fiq . 6. 


Since  safety  stringers  are  provided  it  is  necessary  to  investigate 
the  ties  to  see  whether  they  are  strong  enough  to  transfer  the 
wheel  load  to  the  safety  stringe7',s  in  case  the  main  stringer  should 
break. 

According  to  Art.  (23)  in  Specifications  120,000  pounds  is  the 
maximum  load  coming  on  four  wheels  and  this  brings  30,000  pounds  on 
one  wheel;  and  Art.  15  specifies  one-third  of  this,  or  10,000  pounds 
as  the  load  on  one  tie,  and  also  gives  the  allowable  unit  stress  as 
1,000  pounds  per  square  inch. 


where,  S — 1,000  pounds  the  allowable  unit  stress, 

M = 24.25  x 10,000  = 242,500  pounds. 

q _ 6M 

° bd2 
S = 242,500 

8- 

S = 3,530  pounds  per  square  inch. 

This  value  is  very  high  as  compared  with  the  allowable  working  stress 
but  if  the  timber  is  in  good  condition  it  is  safe  for  a short  time, 

as  the  ultimate  strength  of  oak  wood  is  about  5,000  pounds  per  square 
inch. 

WEB,  THICK?: ESS  OP.  In  this  investigation  the  web  will  be  considered 
to  take  the  maximum  shear.  Thi3  occurs  at  the  end  of  the  girder 
ana  is,  from  the  shear  diagram  on  PlateH,  237,880  pounds.  Since 
A-t.  46  of  the  specifications  allows  the  unit  stress  to  be  10,000 
pounds  per  square  inch,  the  required  area  of  the  web  plate  will  be 


16 


£57 ,880  = 23*78  square  inches  and  the  thickness  1 " v • • or 

10,000  Actual  width 

25.78  = 0.34  inch.  The  plate  used  was  72  inches  x l/2  inch 

70 

' ^ 0.5 

thick  which  gives  an  efficiency  of  0 x 100  = 147  per  cent. 


FLANGE  SECTION.  The  flange  section  will  necessarily  need  the 

greatest  area  at  the  center  where  the  greatest  moment  is  found  as 

- civen  on  PlateU.  The  flange  at  this 

point  will  be  investigated  by  considering 

it  to  take  all  of  the  moment.  It  consists 

of  three  cover  plates  14  inches  x 5/8  inch, 

two  flange  angles  6 inches  x 6 inches  x 

3/4  inch,  and  two  flange  plates  12  inches 

x 3/8  inch  making  a total  area  of  51.3 

square  inches,  the  cover  plates  being  very  nearly  half  of  this  area. 

By  taking  moments  about  the  axis  x-x  shown  in  Fig.  7,  the  center  of 

gravity  of  the  flange  section  is  obtained  from  the  equation, 

K = 16.88  x 272  + 9 x 6.94 

46  * ■ , - 

from  which  X is  found  to  be  2.11  inches  from  x-x,  or  2.11  - = 

16 

1.17  inches  from  the  back  of  the  angles,  and  this  makes  the  effective 
depth  72.5  - 2 x 1.17  = 70.16  inches. 

The  specifications  allow  20,000  pounds  per  square  inch  for 


dead  load  stresses  and  10,000  pounds  per  square  inch  for  live  load 
stresses.  The  maximum  moment  for  the  dead  load  is  424,600  pound- 
inches , and  for  the  live  load  2,156,000  pound- inches.  The  required 
areas  are  as  follows: 

424,600  x 12 


For  dead  load,  „ 

70.16  x 20,000 

For  live  load,  136^_0_00  x 12 

70.16  x 10,000 

Total 


= 3.64  square  inches 
=36.6  square  inches 


40.24  square  inch 


17. 


The  actual  net  area  i3  51.3  less  one  rivet  hole  in  the  angles, one 
in  the  flange  plates,  and.  two  in  each  angle  and  cover  plates. 

This  gives  43.8  square  inches  from  which  the  efficiency  is  computed 
to  be  x 100  = 109  per  cent. 

LENGTH  0E  COVER  PLATES.  Plate  H shows  the  lengths  and  the  position 
of  the  different  flange  plates  and  the  letters  Plf  p2,  etc.,  in 
this  investigation  refer*  to  the  plates  as  they  are  letered  on  that 
plate.  These  will  ncv-  be  investigated  for  length  by  the  formula: 


where,  L =■  Length  of  cover  plate  in  feet; 

1 = Length  of  span,  center  to  center; 
a = Net  area  of  cover-'pla te  a/7d  all  above  it; 

A = Total  net  area  of  flange. 

The  lengths  are  calculated  and  in  Table  VIII  are  compared  with  the 
actual  lengths. 


Table  VIII. 

LENGTHS  OF  COVER  PLATES. 


Plate 

Length . 

Actual 

Calculated 

pl 

24  feet 

23  feet  6 inches 

34  feet 

32  feet  6 inches 

60  feet  9 inches 

60  feet 

p’l 

22  feet  1 inch 

22  feet 

P 2 

29  feet  87rinches 

30  feet  3 inches 

P 3 

38  feet  * 

36  feet  6 inches 

RIVET  SPACING  IN  FLANGES.  All  rivets  in  the  flanges  are  7/8  inches 
in  diameter.  The  gage  lines  and  the  effective  depth  of  the  rivet3 
"hrM  is  shown  in  Fig.  8.  The  rivet  spacing  will  be  investigated 
on  each  side  of  the  panel  points  , the  spacing  being  at  any 
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point,  where  v = the  double  shearing  value 
of  a 7/8  inch  rivet  in  the  l/2  inch  web 
plate  at  an  allowable  unit  stress  of 
15,000  pounds  per  square  inch.  As  there 
is  a double  row  of  rivet 3 the  " V"  in  the 
formula  and  the  table  is  the  total  shear 
at  the  section  under  consideration. 

Table  IX  gives  the  calculated  and  actual 


Table  IX. 


RIVET  SPACING  IN  THE  FLANGE. 


Section 

Total  shear 

hr  in 
inches 

"v"  in 
pounds 

Calculated 

Spacing 

Actual 

Spacing 

Ln 

237,650 

60  1/4 

13,120 

to 

to 

. 

to 

inches 

2 l/2  inches 

Ln 

178,300 

n 

n 

4.43 

IT 

ft 

tt 

Li 

173,900 

IT 

IT 

4.54 

II 

3 " 

Li 

101,550 

IT 

IT 

7.78 

TT 

3 l/2 

Lp 

96,380 

TT 

TT 

8.2 

n 

“4 

L0 

37,790 

IT 

IT 

20.9 

IT 

4 3/4  ” 

Center 

35,200 

n 

TT 

22.3 

TT 

5 3/4 

FLOOR  BEAMS  , INTERMEDIATE.  The  floor  beams  are  connected  to  the 
girders  by  means  of  a plate  "P” , shown  in  Fig.  9,  which  is  riveted 


(Vi 


spacing  in  the  flange, 
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to  the  atif friers.  since  the  flange  angles  and  the  web  of  the 

floor  beam  are  each  riveted  to  this  plate,  the  plate  is  riveted  to 
the  stiffners  over  their  entire  length,  and  the  plate  is  also 
stiffened  by  an  angle,  the  floor  beam  is  partially  fixed  at  both 
ends.  The  invest igation  will  be  made  considering;? irst,  the  floor 
beam  a3  a fixed,  and  second, as  a simple  beam.  Fig.  9 shows  the 
details  of  construction  of  the  floor  beams. 

In  the  calculations  the  weight  of  the  floor  beam  and  wooden 
i loor  will  be  considered  as  uniform  load,  and  the  weight  of  the 
tie3,  rails,  and  engine  loads  as  concentrated  at  the  main  stringers 
connected  at  "BM  on  Fig.  9. 

From  the  actual  calculated  weights  the  total  dead  load  weight 
considered  as  above  is  27.25  pounds  per  linear  inch.  From 
Merriman’s  "Strength  of  Materials",  the  maximum  moment  due  to  thi3 
ioad  is  ^ w T = 23,320  pound-inches.  In  this  formula  "w"  is 
the  uniform  load  per  inch,  and  "1"  is  the  length  of  the  beam.  The 
maximum  live  load  is  determined  by  placing  the  engine  diagram  on 


weight  of  the  ties  and  rails  is  computed  to  be  51,200  pounds.  The 
maximum  moment  due  to  concentrated  loads  in  a beam  fixed  at  both 
ends  is  given  by  the  formula: 


In  this  formula  M = the  maximum  moment  due  to  the  live  load  (which 

is  at  the  point  "BM  of  the  beam,  in  this  case), 
Ml=  th0  moment  at  the  ends  of  the  beam  due  to  the 


the  stringers  with  wheel  3 over  the  floor 
beam  as  shown  in  Fig.  10.  From  the  above 
data  the  load  on  the  floor  beam  at  point 
! BM , due  to  the  engine  loads  and  the 


M = M1+-  R^Plk2  ( 2 + 4k  = 2k2). 


■ 
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concentrated  or  live  loads  and  is  equal  to 
-Plk3  ( 1 - 2k | -h  k12)  and 

Rq  = the  reaction  at  end  of  beam  which  is  P(  1 - 3kx2 
-f-  2k13). 


Here  k = , kx  - 3,5 


, P = 51,200,  1 = 144  and  x = 42. 


12  ' -J-  12 

From  these  values  M is  computed  to  be  -f-  441,770  +-  23,320  =+’465,100 
pound-inches.  The  formula  for  maximum  shear  i3 

V = 1/2  w 1 # P(  14-  3kx24  2kx3)4  P(  1 - 3k2  + 2k3)  and 


substituting  the  values  of  the  variables  as  given  above  it  gives 

53,670  pounds.  The  actual  stresses  in  the  floor  beams  will  be 

as 

somewhere  between  thoseA found  above  and  the  ones  as  found  by  con- 
sidering them  as  simple  beams. 

Considering  the  floor  beam  as  a simple  beam  the  moment  due  to 
uniform  load  is  1/8  wl^  = 70,200  pound-inches,  and  that  due  to  the 
concentrated  load  conside^inr  the  weight  of  the  safety  stringers  is 
2,137,000  pound-inches,  making  a total  of  2,207,200  pound-inches. 
The  maximum  shear  is  found  to  be  53,560  pounds.  By  comparing  the 
results  of  the  two  methods  above  it  is  seen  that  the  calculations 
considering  the  floor  beams  as  a simple  beam  gives  by  far  the 
greater  maximum  moment  and  the  3hear  is  nearly  the  same,  therefore 
the  girder  will  be  investigated  with  the  last  results  found  and  in 


the  same  way  that  the  main  girder  was  investigated. 


The  maximum  shear  is  53,560  pounds  and  the  required  area  is 
53,560  n 

— - o.o5  square  inches.  The  actual  area  is  therefore  1/2  x 


21  - 10.5  square  inches,  and  the  efficiency  ii 


10.5 


on 


x 100  = 197  per 


cent. 


The  floor  beam  is  connected  to  the  large  gusset  plate  at  each 


of  its  ends  by  two  13  inch  x 1./2  inch  plates  1 foot  6 1/2  inches 
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long,  and  the  four  flange  angles  of  the  floor  beams  girder,  which 
extend  over  are  also  securel1/  riveted.  Since  it  is  considered 
good  practice  to  design  the  web  to  take  all  the  shear,  the  connec- 
tion plates  will  be  investigated  for  such  a condition.  The  actual 
area  of  the  connection  plates  is  2 x 13  x l/2  = 13  square  inches 

which  is  At.  ..  x 100  or  240  per  cent  of  the  required  area.  The 
3 « 35 

rivets  in  this  connection  are  weakest  in  bearing  and  according  to 

Art.  (40)  the  number  reauired  is  ^■x-im.um.  *****  = = 1Q 

Bearing  value  6,550  x 0.8 

shop  rivets.  The  actual  number  is  12  which  gives  an  efficiency 
„ 12 

of  — x 100  = 120  per  cent. 

The  flange  section  consists  of  two  6 inch  x 4 inch  x 5/8  inch 
angles  and  one  14  inch  x 5/8  inch  cover  plate  arranged  as  shown  in 
</* "x Fig*  11*  The  back  to  back  distance  of  the  ancles 

— va 


cs 


is  21  l/2  inches  and  the  effective  depth  is  21  l/2  - 
2 x 1.03  = 19.4  inches,  1.03  being  the  distance  of 
the  center  of  gravity  of  the  flange  section  from  the 
back  cf  the  angles.  Unit  stresses  for  live  load  i3 


Fig.  II. 

10,000  pound 3 per  square  inch  and  for  dead  load  is  20,000  pounds 

per  square  inch.  From  these  unit  stresses  and  the  dead  and  live 

load  moments  as  calculated  in  the  preceeding  part  of  this  article 

the  required  areas  are  as  follows: 

For  live  load  - 19.4  x h,000  = U’°  square  inches. 

70,200 


For  dead  load  = 


n ic. 


pare  inches. 


19.4  x 20,000  

Total  required  area  = 11.18  square  inches. 

The  actual  flange  area  is  2 x 5.86  x 5/8  x 14  less  six  7/8  inch 

rivet  holes  = 16,7  square  inches,  from  which  the  efficiency  of  the 


flange  is 


16.7 

11.2 


x 100  — 149  per  cent. 


The  rivet  spacing  in  the  flanges  will  be  investigated  in  the 


22. 

same  way  as  was  done  in  the  case  of  the  girder.  The  results  are 
shown  in  Table  X.  The  rivet  spacing  is  investigated  at  only  two 
sections  as  it  is  uniform  between  these,  hence,  these  sections 
show  the  lowest  efficiencies. 


Table  X. 

RIVET  SPACING  IN  FLANGE. 


Section 

Total 
Shear  in 
Pound 3 

h 

m 

inches 

Bearing 
Value  = v. 
in  pounds . 

Spacing 

vhr 

V 

inches 

Actual 
Spacing 
inches . 

Efficiency 
per  cent. 

0 

53,560 

25 

6,550 

3.05 

3 

101 

0+-lPt2  1/ 

'2_  a 

25 

6,550 

3.1 

3 

103 

The  spacing  of  the  rivets  in  the  cover  plates  is  not  the  same  as 
that  between  the  flange  angles  and  the  web,  therefore,  the  stress 
taken  by  the  cover  plate  will  be  investigated.  The' stress  trans- 
ferred to  the  cover  plates  i3, 

Area  of  .cover  plate  x Stress  in  flanre  - ZjlIu  x flange  stress, 
Total  area  of  flange  ^ 16.7 

and  the  required  rivet  spacing  = ~ x rivet  spacing  above  = 

6.8  inches.  The  actual  spacing  is  3 inches  at  end  and  6 inches  at 

the  center  of  the  girder,  from  which  the  least  efficiency  is  x 

100  = 113  per  cent. 

MAIN  STRINGERS.  Fig,  12  shows  the  main  stringer  and  the  connec- 
tion to  the  floor  beams.  The  wheel  loads  that  come  on  the 


stringers  will  be  distributed  over  a number  of  ties  bv  the  rail. 

*•  * 


' ■ 


- 


but  in  the  calculation  thsy  will  be  considered  as  concentrated. 

As  the  wheels  are  5 feet  apart  not  more  than  two  wheels  can  come 
on  the  10  foot  stringer  span  at  one  time.  The  center  of  gravity 
of  these  loads  is  half  way  between  them;  2.5  feet  from  either  one. 
For  maximum  moment  the  center  of  the  stringer  must  be  half  way 
between  this  and  one  of  the  loads,  and  the  greatest  moment  will  be 
under  the  wheel  nearest  the  center  as  shown  in  Fig.  13. 
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The  calculation  of  this  moment  for  live 
24,500  x 6^ 

1”“ — — x 3^  x 12  -h 


load  gives 


24,500  x 1| 

— x 3 7[  x 12  = 828,000  pound- 


10 

/<3  inches,  and  the  amount  for  dead  load  due 

to  the  ties,  rails,  and  stringers  is  l/8  w Is  = l/8  x 16  x 120f'  - 

28,800  pound-inches,  making  a total  of  856,800  pound-inches.  From 

the  Carnegie  Steel  Co’s  handbook  — = 106.1,  and  allowing  the  unit 

c 

stress  of  10,000  pounds  per  square  inch  and  substituting  in  the 
SI 

formula  M = “ gives  M ~ 1,061,000.  The  efficiency  is 


1,061,000 

856,800  x 100  = 124  Per  cent. 

The  greatest  strain  on  the  connections  to  the  floor  beam  will 

come  when  wheel  2 of  the  engine  comes  just  above  the  end  of  the 

stringer  and  wheel  3 is  on  the  center.  The  shear  at  this  point  is 

then  24,500  4-  %—  -h  1>92Q  = 37,700  pounds.  The  web  of  the  15 

2 2 

inch  .I-Beam  is  0.81  inches  thick,  hence  the  bearing  value  of  a 7/8 

inch  rivet  in  this  web  is  7/8  x 0.81  x 15,000  x 0.8  = 8,510  pounds. 

Tho  same  rivets  in  double  shear  can  resist  a stress  of  7/8  x 0.601  x 

10,000  x 2 x 0.8  = 8,400  pounds . Though  there  is  very  little 

difference,  it  is  seen  that  the  number  of  rivets  will  be  governed 

by  double  shear  and  their  number  should  be  57*  /Q0  _ 4.^  55  The 

8,400 

actual  number  is  5 which  gives  an  efficiency  of  §*-QQ  x 100  = 110 

a.  55 


. - . - - 
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per  cent  for  the  rivets  in  the  stringers.  The  number  of  rivet3 

required  in  the  floor  will  be  governed  by  a single  shear.  Single 

37  700 

shear  is  4,200  poun  Is  per  rivet,  and  the  number  required  is 

9 shop  or  13.5  field.  The  actual  number  of  field  rivets  is  10, 

10 


giving  an  efficiency  of 


13.5 


x 100  = 74  per  cent. 


SAFETY  STRINGERS.  Under  ordinary  conditions  the  safety  stringers 
will  receive  no  load,  but  if  the  connection  between  the  main 
stringers  and  the  floor  beams  should  fail  the  entire  load  would  be 
transferred  through  the  ties  to  the  safety  stringers.  An  investi- 
gation will,  therefore,  be  made  to  determine  whether  they  are 
capable  of  withstanding  this  load.  Fig.  14  shows  the  safety 

stringer  with  its  floor  beam  connection. 
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Since  the  safety  stringer  is  not  designed  to  take  the  full 

load  as  a constant  working  load  it  will  be  investigated  for  carrying 

this  load,  and  the  allowable  stress  used  in  calculating  the 

efficiencies  will  be  the  elastic  limit  of  the  material.  The  moment 

due  to  the  weight  of  the  stringers  is  l/S  wl2  = l/S  x 12.7  x 120s, 

and  the  maximum  moment  will  be  this  plus  the  maximum  moment  found 

for  the  main  stringers,  making  a total  of  850,900  pound -inches . 

I 
c 

M = 1,435,000  p ound -inches.  The 

efficiency  is  therefore  -050^900°  x 100  = 167  Per  cent.  Since  the 
shearing  strength  of  soft  iron  is  30,000  pounds  per  square  inch 


Irom  the  Carnegie  tables  ~ — 41,  S - 35,000  pounds,  and  substituting 

O T 

in  the  formula  M = — 


. 


. : 


. I 

. 
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the  strength  of  the  rivets  is  three  times  that  as  calculated  above, 
and  therefore  only  one-third  as  many  need  to  be  used  as  was  found 
necessary  for  the  main  stringer  connection.  The  required  number 
of  rivets  for  safety  stringer  connection  to  the  floor  beam  = l/o  x 
13.5  = 4.5  field.  The  actual  number  is  6,  and  the  efficiency  is 

g 

— g-  x 100  = 130  per  cent  or  a factor  of  safety  of  1 . 3 . In  the 
same  way  the  rivets  required  in  the  stringer  and  connection  are 
found  to  have  an  efficiency  of  210  per  cent  and  a factor  of  safety 
of  2.1  . 

LATERAL  SYSTEM.  According  to  Article  24  of  the  Specifications 
the  wind  stresses  in  the  lateral  bracing  were  calculated  using  450 
pounds  per  linear  foot  of  girder  as  a moving  load  and  150  pounds 
per,  linear  foot  as  dead  load  all  acting  on  one  side  of  the  bridge. 
Plate  III  shows  the  arrangement  of  the  lateral  system,  the  stresses, 
and  the  size  of  the  members  used. 

Article  31  of  the  specifications  gives  18,000  pounds  per 
square  inch  as  the  allowable  unit  stress  in  the  lateral  members. 

The  efficiencies  of  the  lateral  members  are  given  in  Table  XI. 


Table  XI. 

EFFICIENCIES  OF  MEMBERS  OF  LATERAL  SYSTEM. 


Member 

Actual  Size. 

Actual 
Area  in 
Square 
inches . 

Required  Area 
in  Square 
Inches . 

Efficiency 
Per  Cent. 

PCL1 

6 inches  x 3/8  inch 

2.25 

13.84 

18.0  = °-77 

292 

P1L2 

5 inches  x 3/8  inch 

1.875 

7.97  _ 

424 

18.00 

P2P2 

4 inches  x 3/8  inch 

1.5 

03 

9 

O 

|0> 

1! 

o 

-J 

880 

18.00 

The  number  of  rivets  required  in  the  lateral  members  is  determined 
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by  the  bearing  in  the  3/8  inch  connection  plates  Pr , Pj f p2,  etc. 
which  are  shown  on  Plate  I . The  stress  in  the  member  divided  by 
the  bearing  value  of  a 7/8  inch  rivet  in  a 3/8.  inch  plate  which  is 
( 15,000  -f-  (7.5  x 15,000  ) x 7/8  x 3/8  or  7,380  pounds  gives  the 
required  number.  Table  XU  gives  this  calculated  number  of  rivets 
and  the  efficiencies  of  the  rivets  in  the  various  members. 


Table  XII. 

RIVETS  AMD  THEIR  EFFICIENCIES 
IN  THE  LATERAL  SYSTEM. 


Member 

Stress  in 
Pounds 

Bearing 
Value  of 
1 Rivet. 

Req'a.  No. 
of  Rivets 
Field. 

Actual  No. 
of  Rivets 
Field. 

Efficiency 
in  Pm  G ant . 

poLl 

13,840 

7,380 

3 

5 

167 

P1L2 

7,940 

7,380 

2 

5 

320 

p2p2 

3,060 

7,380 

1 

4 

400 

The  number  of  rivets  required  between  the  connection  rlates 
Po * pl>  &nd  the  flange  of  the  girder  is  calculated  by  pro- 

portion, comparing  the  number  of  rivets  required  in  any  direction 
with  the  side  of  the  triangle  composed  of  the  lateral  member,  the 
panel  length  and  the  distance  center  to  center  of  trusses.  The 
calculated  number  required,  the  actual  number  , and  the  efficiencies 
are  shown  in  Table  XIII. 

Table  XIII. 

RIVETS  AND  EFFICIENCIES 
IN  CONNECTION  PLATES 
OF  LATERALS. 


Plate 

Required  No. 
of  Rivets. 

Actual  number 
of  Rivets 

Efficiency  in 
Per  Cent. 

P0  or 

Lo 

1 

3 

0 

0 

CO 

Pi  or 

Ll 

2 

4 

200 

p2  or 

2 

5 

250 
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STIFFNERS.  All  stiffners  are  five  feet  or  less  apart,  center  to 
center  which  according  to  specification  is  considered  good  practice. 
Since  all  the  stiffner  sections  consist  of  4 angles  except  the  one 
midway  between  LQ  and  and  since  the  shear  here  is  practically 

as  large  as  the  maximum  at  L0,  the  investigation  at  this  point  will 
determine  the  minimum  efficiency  as  the  shear  at  all  other  sections 
except  Lq  is  much  less.  Plate H shows  the  location  of  the 
stiffners.  From  the  shear  diagram  the  shear  at  this  section  is 
178,000  pounds.  The  moment  of  inertia  about  the  section  A-A  as 
shown  in  Fig.  15  is: 

Ia-A  = 2 ( 2.87+  2.48  x 1.6452-+  1.31  x 0.3752  ) = 11.43  . 

From  this  the  radius  of  gyration  is  : 

= 1.14  . 


/ 8.e 
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86 


stiffners  is  72T 


The  length  of  the 
ry  - 2 x 3/4  or  71  inches, 
and  from  Art.  48  of  the  specifications  the 
unit  allowable  stress  is: 


P = 10,000  - 45-jp 
= 10,000  - 45  x 


71 


1.14 

= 7,200  pounds  per  square  inch. 

1*70  000 

The  required  area  is  ~y'"2QQ  = square  inches,  and  the  efficiency 

is  x -^0  = ^7  Per  CGnt  for  the  stiffners  under  consideration. 

24 

For  the  end  stiffners  the  efficiency  would  be  twice  as  large  or  74 
per  cent  and  for  the  interior  stiffners  it  would  be  over  100  per 
cent  since  the  section  remains  the  same  while  the  shear  is  much 
less . 


The  rivets  required  in  the  stiffners  will  be  assumed  to  take 
all  the  shear  at  the  stiffner  point,  and  their  number  will  depend 
upon  the  bearing  value  of  a 7/8  inch  rivet  in  the  1/2  inch  web. 


. 


' 

■ 


' 

' 
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This  value  is  7,500  pounds.  The  required  number  of  rivets  is 
170  000 

= 24  . The  actual  number  here  is  17  making  the  efficiency 

7 , 500 

17 

equal  to  ~ x 100  or  71  per  cent.  This  is  low,  but  at  all  the 
other  points  the  efficiency  will  be  above  ICO  since  there  is  either 
a double  row  of  rivets  or  the  shear  is  much  less,  or  both 
conditions  occur. 

The  spacing  of  the  rivets  is  in  no  place  less  than  4 inches, 
and  this  ia  well  within  the  limits  of  the  specifications. 


WEB  SPLICE.  As  shown  on  Plate H the  web  consists  of  three  plates. 

The  splices  come  14  feet  11  3/4  inches  from  each  end  of  the  girder. 

According  to  Articles  46  and  71  cf  the  specifications  the  splice 

connection  must  be  made  strong  enough  to  take  the  shear  at  the 

joint.  The  shear  at  this  section  is  found  to  be  100,000  pounds 

from  the  shear  diagram.  The  splice  consists  of  2 plates  13  1/2 

inches  x 3/8  inches,  and  since  the  total  thickness  is  far  above 

that  calculated  in  the  investigation  of  the  required  thickness  for 

the  web,  they  are  thick  enough.  The  number  of  rivets  on  each  side 

of  the  splice  will  be  determined  by  the  bearing  of  the  web.  From 

this  the  required  number  is  = 14,  and  the  actual  number  is 

7,500 

17,  from  which  the  efficiency  of  the  rivets  in  the  ioint  is  ~ x 

° 14 

100  = 121  per  cent. 


BEARINGS.  These  are  sufficiently  strong,  according  to  specifica- 
tions as  all  parts  are  1 1/4  inches  or  greater  in  thickness,  and 
the  anchor  bolts  are  1 l/4  inches  in  diameter  running  more  than  one 


foot  into  the  masonry. 

The  load  which  comes  upon  the  masonry  must  be  investigated,  as 
the  specifications  in  Article  113  allow  but  250  pounds  per  square 


-• 


I , ^ 1 1 
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inch  of  bearing  surface.  The  total  dead  load  reaction  as  deter- 
mined from  the  calculated  weights  of  the  members  is  41,450  pounds, 
and  the  live  load  reaction  on  one  base  as  taken  from  the  shearing 
diagram,  considering  two  adjacent  tracks  loaded  is  equal  to  202,000 
pounds,  making  a total  reaction  of  245,450  pounds.  The  required 

base  area  is  = 975  square  inches,  and  the  actual  area  = 

280 

2 feet  4 inches  x 2 feet  2 inches  = 755  square  inches,  from  which 

755 

the  efficiency  is  x 100  = 77.5  per  cent.  This  efficiency  is 

975 

low  and  produces  a stress  on  the  masonry  of  322  pounds  per  square 
inch. 
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VII.  INVESTIGATION  OF  ABUTMENTS. 

OVERTURNING.  In  the  investigation  the  abutment  will  be  examined 
for  its  efficiency  to  withstand  the  overturning  effects  of  the 
earth  embankment  behind  it,  and  a surcharge  equal  to  the  train  load 
upon  this  embankment.  Behind  the  abutments  there  are  piles  which 
are  supposed  to  take  this  load,  but  it  is  only  a matter  of  time 
until  these  will  rot  out  throwing  the  entire  load  against  the 
concrete  walls. 

The  two  forces  which  will  be  considered  are:  the  horizontal 
force  due  to  the  lateral  pressure  of  the  earth  and  the  surcharge 
acting  against  the  abutment  and  tending  to  overturn  it  about  its 
base,  and  the  resultant  of  the  downward  force  due  to  the  weight  of 
the  abutment  and  the  dead  load  reaction  of  the  girder.  The 
horizontal  pressure  will  be  considered  to  act  at  a point  one-third 
of  the  height  of  the  abutment  from  the  bottom.  The  vertical 


force  will  act  through  the  center  of  gravity  of  all  the  vertical 


forces  found  by  considering  the  weight  of  the  different  parts  of 
the  abutment  wall  and  the  dead  load  reaction.  These  forces  with 
their  resultant  are  shown  graphically  on  Plate  IV. 

In  considering  the  dead  load  due  to  the  weight  of  the  girder 
the  load,  as  found  in  Part  II,  will  be  assumed  to  act  uniformily 
between  the  end  bases  and  on  a line  through  the  center  of  these 
bases.  The  uniform  load  will  be  : 


Total  weight  of  girder  bridge 
Distance  c.  to  c.  of  outside  bases  x 2 


or, 


311,590 


- 2,680  pounds  per  linear  foot  of  abutment. 


4 x 14.5  x 2 

The  condi ti. on  of  loading  for  the  maximum  surcharge  is  when  the 


' 


' 


PLATE  12* 

Diagram  showing  Overturning  32. 

Do  rocs  upon  the  Abutment 
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engine  is  just  about  to  come  on  the  bridge.  The  equivalent  uni- 
form load  for  the  engine  is  given  on  Plate  I and  is  7,750  pounds 
per  linear  foot.  This  will  be  considered  to  be  distributed  uni- 
formly over  the  length  of  the  ties  which  is  eight  feet,  from  which 

the  load  per  linear  foot  for  the  surcharge  on  a strip  one  foot  wide 
. 7,750 

— * = 970  pounds. 

The  formula  for  lateral  pressure  is: 


is 


where. 


. , 2 , . Sin  l/2  ( 90  - 0 

P = ( 1/2  w h^  4r  qh)  x - 

Sin°  1/2  ( 90  +-  0 ) 

w=  weight  of  a unit  volume  of  earth. 


= 100  pounds  per  cubic  foot, 
h = height  of  abutment  wall  or  16.75  feet, 

0-  Angle  of  repose  of  earth  or  40  degrees,  and 
q = load  per  linear  foot  of  surcharge  or  970  pounds. 
Substituting: 

P = ( 1/2  x 100  x 16.75  -h  970  x 16.75)  - 


Sin'0  65  degrees 


( 837  -f-  16,250  ) 


0.9063^ 

= 17,087  x 0.514  = 8,800  pounds. 

The  weight  of  the  abutment  wall  will  be  the  area  which  is  calculated 

to  be  97.86  square  feet  x the  weight  of  the  concrete  per  cubic  foot, 

which  is  assumed  as  150  pounds.  This  makes  the  total  weight  per 

unit  length  14,700  pounds.  Adding:  14, 700  -f-  2,680  the  total 

vertical  force  is  found  to  be  17,380  pounds  and  combining  this  with 

piercing 

the  horizontal  force  of  8,800  pounds , theA  point  of  the  resultant 
is  found  to  be  2.75  feet  from  the  center  of  the  base.  The  factor 
of  safety  against  overturning  should  not  be  less  than  3 which  means 
that  the  resultant  of  all  the  forces  acting  above  the  base  should 
cut  the  base  within  the  middle  third.  In  this  case  the  resultant 


falls  without, and  the  factor  against  overturning  is 


4.5  _ 


.75 


- = 1.7 


JT: 


’ 


. 
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BEARING  ON  SOIL. 
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The  maximum  pressure  on  the  soil  will  occur 
when  the  four  tracks  on  the  bridge  and  the  approaching  tracks  are 
fully  loaded.  By  considering  the  overturning  effect  of  the  lateral 
pressure  as  found  in  the  preceeding  investigation,  the  vertical 
loads  due  to  the  live  loading  as  suggested  above,  and  the  dead  loads 
of  the  bridge  and  abutment,  the  maximum  pressure  on  the  soil  will 
occur  at  the  toe  of  the  footing.  The  point  "A"  shown  on  Plate  IV 

is  the  place  of  maximum  pressure.  By  taking  moments  about  the 

point  "B"  of  the  same  figure  and  substituting  in  the  formula, 

- W , n x ML 

P = r 1 - 6?  + — 

A ' 1 °T  ' 21 

where  W = total  weight  per  linear  inch  of  the  base  of  the  vortical 
live  load  and  dead  load  forces, 

A = area  of  base  per  linear  foot  = 9 x 1 x 12  = 108  square 


inches, 

p = eccentricity  of  vertical  loads  compared  with  the  center 
of  the  footing  as  shown  on  Plate  IV  = 1.8  inches, 

1 = width  of  base  in  inches  = 9 x 12  or  108  inches, 

M = moment  in  inch  pounds  of  lateral  pressure  about  ”B,f 
= 67  1/2  x = 49,500  inch- rounds,  and 

I = moment  of  inertia  of  base  about  an  edge  through  ”An 
= 1/12  x 1 x ( 9 x 12  T 
= 105,000. 

The  volume  of  the  abutment  wall  is  taken  as  the  area  times  the 
mean  length  and  this  gives  70.86  x 86.625  = 6,140  cubic  feet;  and 
the  volume  of  the  footing  is  108,625  x 27  = 2,935  cubic  feet. 
Considering  the  concrete  to  weigh  150  pounds  per  cubic  foot  the 
calculated  vertical  forces  are  as  follows: 


- 
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Weight  of  the  abutment  is  150  (2, 935 6, 140  ) = 1,360,000  pounds 


Weight  of  one-half  of  the  entire  bridge  io 

311,587 

2 

Total  reaction  if  four  tracks  are  loaded  is 

4 x 202,000 

Total  weight 

The  weight  per  linear  inch  is  therefore 


155,790  pounds 


°0f',000  rounds 


2,323,790  pounds 


2,325,790 


or 


length  of  base 

— — = 1,782  pounds  which  is  MW”  of  the  above  formula. 
108.625  x 12 

Substituting  in  the  formula 


P = hm.  ( i 
108  V 


61.8  x , 49,500  x 108 
108  } 2 x 1,260,000 


= 40.35  pounds  per  square  Inch 

or  40.35  x 144  = 5,810  pounds  per  square  foot  from  which  the 

5 810 

pressure  is  computed  to  be  or  2.9  tons  per  square  foot.  This 

6 f v f U U 

is  a reasonably  safe  bearing  value  for  ordinary  soil. 


. 
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VIII.  CONCLUSION. 

According  to  this  review  the  bridge  is  in  every  way  safe  for 
withstanding  the  maximum  loads  which  may  come  upon  it,  and  the 
design  and  size  of  members  in  all  cases  is  consistent  with  good 
practice  as  compared  with  the  specifications.  All  the  members  and 
parts  have  efficiencies  over  one  hundred  per  cent  except  the 
following:  the  rivets  between  the  main  stringer  connection  angles 
and  the  floor  beam,  the  efficiencies  of  the  end  stiffners,  the 
unit  stress  under  the  bases,  and  the  factor  of  safety  of  the 
abutment  against  overturning,  though  in  these,  as  stated  above,  the 
deficiency  is  well  within  the  safety  limit,  of  the  materials. 


